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By Norman S. Silsby,  Garland J. Morris, 
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SUMMARY 

Tests  were  made  at low supersonic  speeds  by  the NACA wing-flow 
method  to  determine  the  longitudinal  characteristics  of a -- scale 

semispan  model of  the  Bell X-5 variable-sweep  airplane  with the  w i n g  in 
the 600 sweptback  position  and with tail  incidences o f  -20 and -60. 
Lift,  drag,  and pitching-moment results f o r  various  angles of  attack 
are  presented fo a Mach  number of 1.24. The  Reynolds  number of the 
tests  was 1 x 10 i5 &5 percent  based on the  mean  aerodynamic  chord of the 
wing of the model. 

30 

The  results  indicated  that the lift-curve  slope was about 0.058 per 
degree  for  both  tail  incidences and that  the  lift  curves  remained  linear 
up  to an angle of attack of about 9 O .  

The  slope  of  the  pitching-moment  curve dCdda  varied from 
about -0.Oa at an angle of attack of -Lo t o  about -0.027 at an angle 
of attack  of 8O. These  values  correspond t o  a neutral-point  variation 
from 50 to 73 percent mean aerodynamic chord. With a tail  incidence 
of -6O,  the  model  trimmed at an angle of attack of 2.3O which  corre- 
sponds  to a lift  coefficient  of 0.11. The  effectiveness of the  tail 
ACdAit was about 0.015 per  degree. 

INTRODUCTION 

A s  part of a program  to  determine  the  -aerodynamic  characteristics 
of the  proposed B e l l  X - 5  airplane  Incorporating a wing whose  angle of 
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sweep can  be varied i n  f l i gh t ,  an investigation i s  being made a t  law 
supersonic  speeds by the NACA wing-flow  method on a -- 1 3o scale semispan 
model. The r e su l t s  of low-speed wind-tunnel t e s t s   t o  determine the 

longi tudina l   s tab i l i ty  and control   character is t ics  of a - -scale  full- 

span model have  been reported i n  reference 1. 

1 
4 

This  paper  presents  the  results of measurements o f  normal force, 
chord force, and pitching moment for   t a i l   inc idences  of -2' and -6O 
of the semispan model with  the w i n g  swept  back 600 re fer red   to   the  
25-percent  chord line. The effect ive Mach number a t   t h e  wing of  the 
model f o r  t he   t e s t s  was about 1;a. 

I n  the   in te res t  of making these  data  available  as soon as possible, 
they  are  presented  with o n l y  a limited analysis. 

SYMBOLS 

S 

a 

it 

L 

D 

M 

CL 

veloci ty ,   feet   per  second 

mss density, slugs per  cubic  foot 

effect ive dynamic pressure at the wing of the model, 

pounds per  square  foot 

model  wing area, semispan (includes  area  in  fuselage 
between perpendiculars from  wing-fuselage intersections 
t o  plane of symmetry), square  feet 

angle of attack of fuselage,  degrees 

incidence of horizontal tail ( re fer red   to  w i n g  chordal 
plane),  degrees 

l i f t  force  (resultant  force  perpendicular  to  stream 
velocity),  pounds 

drag  force  (resultant  force  paranel t o  stream  velocity), 
pounds 

pitching moment, inch-pounds 

c 

.. 
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CD drag  coefficient (D/qS) 

'm pitching-moment coef f ic ien t   re fe r red   to  0.26'E (M/qSE) 
- 
C mean aerodynamic chord  of wing; based o n  the  re la t ionship 

Y 

-dt 

3 

lateral   coordinate,   inches 

mean aerodynamic chord of tail, inches 

ML . loca l  Mach number a t  wing surface 

MW effect ive Mach  number a t  wing of m o d e l  
1 Mt effect ive Mach number a t  t a i l  of model 

R Reynolds number based on  mean aerodynamic chord c - 
. dCL/da slope of lFft curve, per degree 

dCm/da slope af pitching-moment curve,  per  degree 

AwAit effectiveness of horizontal   ta i l ,   per   degree 

APPARATUS AND TESTS 

The t e s t s  were made by the  NACA wing-flow method i n  which the  model 
is mounted in   the   reg ion  of high-speed flow over  the wing of an F-SID 
airplane 

The contour of the  airplane wing in t h e  test  region  for  the  present 
investigation w a s  designed to   g ive  a uniforin ve loc i ty   f i e ld  a t  Mach 
numbers near 1.25 ra ther  than through  the  transonic  range. 

' The configurations  tested and reported  herein  consisted  of  the semi- 
span model with the  wing swept"back 60° ( re fer red   to   the  25-percent 
chord l i n e )   f o r  tail incidences  of -20 and -6'. 

c 
Photographs of the  semispan model equipped  with an end p la te  a t  the 

fuselage  center  lfne  are  given in figures 1 and 2. The geometric 
characterist ics  of  the model wing and horizontal  tail surfaces are 
given i n  t ab le  I; other   de ta i l s  of  the model are shown i n  figure 3.  The - 
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fuselage of the model  was constructed of mahogany, whereas  duralumin 
was used for   the  wing  and t a i l  surfaces. A duct was included in the model 
fuselage  to  simulate  the  air   intake and flow through the j e t  engine of 
the  full-scale  airplane. The airfoil   section  perpendicular  to  the 
38-percent  chord l i n e  (wing pivot  point of the  full-scale  airplane) was 
an NACA 6+,,)~011 a t   t h e  r o o t  (through  pivot  point) and tapered  to 

NACA 65 A008.6 at  the   t ip .  The horizontal  tail had an NACA 65~006 
a i r f o i l   s e c t i o n   p a r a l l e l   t o   t h e   f r e e  stream. The i- chord l i n e  of the 

t a i l  was swept back 4s0. The aspec t   ra t io  of the wing, considering  the 
F-SlD airplane wing surface  as a reflection  plane, was 2.18.  The semi- 
span Aodel, curved t o  conform to  the  curvature of the wing in the test 
region, w a s  mounted close t o  the  airplane wing surface and was connected 
t o  a balance  enclosed  within  the wing. Because the model  and balance were 
arranged to   o sc i l l a t e   a s  a unit,  the  balance measured the  forces  both 
normal and paral le l   to   the  fuselage  reference  l ine of the model a t  all 
angles of attack.  For  each  test,  continuous measurements were made  of 
angle of attack, normal force, chord force, and pitching moment as   the 
model was osc i l la ted  through an angle-of-attack  range of -bo t o  160 with 
each of the two t a i l  angles -2O and -6’. A free-floating vane was used 
t o  determine  the  direction of flow a t   t h e  model as  described i n  reference 2 

(08) 

A typical  chordwise velocity  gradient  in  the test  region on the 
airplane wing a s  determined  from stat ic   pressure measurements a t   t h e  
wing surface  with  the model  removed i s  indica ted   in   f igure  4. From 
stat ic   pressure measurements made with a static-pressure  tube  located 
a t  various  distances above the  surface  of  the  test   section,  the  vertical  
Mach number gradient was found t o  be 0.009 per  inch up t o  a distance 
of 6 inches above the  surface. The e f fec t ive  dynamic pressure a t   t h e  

. model  wing q, the   effect ive Mach number a t  the model  wing &, and the 
effect ive Mach number a t   t he  model t a i l  M t  were determined from an 
integrat ion o f  the  velocity  distribution  over  the  area covered by the 
wing and t a i l  of the model. For the  chordwise  velocity  distribution 
shown i n  figure 4, % and % were, respectively, 1.24 and 1 .23 .  A 
compression  shock passes  over  the model loca t ion   a t  an effect ive Mach 
number  somewhat lower  than 1 .22;  an upper limit of 1 .26  i s  determined by 
the maximum airplane Each  number a t  which the F”S1D airplane may be safely 
operated. A more complete discussion of the method of  determining  the 
Mach number  and  dynamic pressure   a t   the  model can  be  found i n  reference 2. 

f 

The t e s t s  were made i n  high-speed dives of the F-SlD airplane. The 
Reynolds number was about 1 x. 106 &S percent based on the mean aerodynamic 
chord of the  wing of t h e  model. 
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I RESULTS AND DISCUSSION 

The  aerodynamic  characteristics  are  presented in figure 5 for a 
tail  incidence  of -2O and in figure 6 for a tail  incidence  of -6'. Data 
points &e shown  for  both  increasing  and  decreasing  angles  as  the  model 
was  oscillated  through  the  range of-angles of  attack  from -bo to 16O. 
Pitching-moment  data  were  obtained only  from -Lo to 6' for  the -2O tail 
and only from 0' to 100 for  the -6O tail because of limitations in the 
capacity  of  the  pitching-moment  element  of  the  balance. A comparison 
of  the  results  for  the  two  tail  incidences  is  presented  as  figure 7, and 
the  following  discussion is based on this  figure. 

The  lift  curves for both tail  incidences  remain  linear  up to about 
9O angle  of  attack  or a lift  coefficient of about 0.5. The  angle  for 
zero  lift  of  the  model is about -0.2O with  the -2O tail  and O.ko with 
the -6O tail  setting. The lift-curve  slopes dCL/da for  both  tail 
incidences  are  the same, about 0.058 per  degree. A low-speed  value 
of 0.045 for  the  lift-curve  slope  was  obtained in wind-tunnel  tests of 

* a --scale 1 model of the same airplane  with  similar  configuration 
4 

(reference I). 
.a 

The  value of the  slope  of  the  pitching-moment  curve d w d a  varies 
from  about -0.04 to about -0.027 over a range  of  angle  of  attack  from 
-4' to +80. These  values  are  independent of tail  incidence  within  the 
accuracy  of  determination and correspond  to a neutral  point  variation 
from about 50 to 73 percent a. With a tail  incidence of -6O,  the  model 
trimmed  at an angle  of  attack of 2.3O which  corresponds  to a lift  coeffi- 
cient  of 0.11. For  the  -20  tail the angle of attack and lift  coefficient 
for trim  are,  respectively, -1.l0 and -0.06O. The  effectiveness  of  the 
tail AwAit is about 0.015 per  degree. 

The  absolute  values  of  drag are not  reliable  because  they  include 
the  drag  of  the  end  plate  and are subject  to an unlmown effect  of the ' 

semispan  configuration  on  the  drag  of the fuselage;  both of these  factors 
tend  to  substantially  affect  the  measured  drag.  Duct  losses  would also 
be  expected  to  affect  the  drag  measurements  somewhat.  The  results  are 
presented  because  the  drag  variation with lift  coefficient is believed, 
on  the  basis of other  investigations, to be  essentially  unaffected by 
these  factors  and  are  therefore  considered  to  be of interest. 

* Langley  Aeronautical  Laboratory National Advisory Committee for Aeronautics 
Langley  Air  Force  Base,  Va. 
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GEOMETRIC C€€.AR.ACTERISTICS OF & . SCALE SEMISPAN MODEL OF BELL X - 5  

VARIABLE-SWEEP AIRPLANE WITH WING I N  60° SWEEP POSITION 

Wing dimension: 
Section  (root) . . . . . . . . . . . . . . . . . . .  MCA 654 10 A011 
Section  ( t ip) . . . . . . . . . . . . . . . . . .  NACA 65(a)no06.6 
Semispan. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  3.88 

Chord at t i p .   i n  . . . . . . . . . . . . . . . . . . . . . . .  1.84 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  2.18 

Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . . .  3.64 

Chord a t  plane of  symmetry. i n  . . . . . . . . . . . . . . . .  4.10 
Area (semispan). sq in . . . . . . . . . . . . . . . . . . . .  13.79 

Sweepback (0.25 chord l ine) .  deg . . . . . . . . . . . . . . .  60 
Dihedral  (chordal  plane). deg . . . . . . . . . . . . . . . .  0 
Incidence  (chordal  plane). deg . . . . . . . . . . . . . . .  0 

Horizontal   tai l :  
Section . . . . . . . . . . . . . . . . . . . . . .  NACA 
Semispan, i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, i n  . . . . . . . . . . . . . . . . . .  
Chord a t   t i p ,   i n  . . . . . . . . . . . . . . . . . . . . . . . .  
Chord a t  plane of symmetry, i n  . . . . . . . . . . . . . . . .  
Area (semispan), sq i n  . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
Height  (above wing chord 1, i n  . . . . . . . . . . . . . . . .  Length (0.26E t o  0.25Et), i n  . . . . . . . . . . . . . . . . .  
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Figure 2.- Semlspan vlng-flow model o f  the Bell X-5 varlable-sweep 
ai rp lane with wing in 60' p a i t i o n .  
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PLgure -4. - Tgpical chofauise local k c h  number variation measured at 
surface of test section. Chordwise loca t ion  of model also ahown. 
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Figure 7.- C c q a r l s o n  of aexodynamlc characteristlce of the samispaa model 
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